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(57) Abstract: The invention is a transniission sleeve for the reverse cirulcation down hole hammer activated by fluid under pressure, 
the hammer including an outer hammer casing, a drill bitretaining means (17) and a drill bit (10) retaining means (17) and extending 
forwardly therefiom. The transmission sleeve (25) comprises a transmission sleeve retaining means to retain the transmission sleeve 
(25) to the hammer, a flange (28) to direct exhaust fluid from the hanmier extending from the transmission sleeve retaining means 
towards the cutting iace (14) of the drill bit (10) so that the exhaust fluid is directed towards the cutting face (14) and a chamber 
(30) that extends circumferentially around the drill bit (10) into which the exhaust fluid flows prior to dischaige from the end of the 
flange (28). The chamber (30) makes it possible for air pressure to be equalised around the periphery of the drill bit (10) and allows 
for some air flow from the end of the flange (28) between the channels (31) in the drill bit (10) to provide a curtain of air flow from 
the flange (28). 
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AN IMPROVED TRANSMISSION SLEEVE 

The present inventian relates to an improved transmission sleeve for a reverse 
circulation down hole hammer and will indude sacrificial transmission sleeves. It 
also relates to drill bit design. 

Reference to reverse circulation down hole hammers will include aU types of 
hammers using any type of fluid where exhaust fluid from flie hammer is directed 
across the cutting face of the drill bit to entrain cuttings which are then returned to 
the surface through at least the drill bit and hammer. 

BACKGROUND OF THE INVENTION 

A well known form of reverse circulation drilling uses a percussive type air operated 
hammer where high pressure air is used to operate the hammer and exhaust air is 
used to dear the cuttings as described above. 

A traiismission sleeve is described in an earlier Australian Patent No. 638571. That 
spedficatiOT describes a sacrifidal transmission sleeve that is used to form a seal and 
also to direct exhaust air to the cutting face to assist in the dearance of diips. The 
invention described in the specification was an important development in reverse 
circulation hammers and is now conunonly used in the drilling industry. Another 
relevant patent is Australian Patent No. 656724. 

The present invention relates to improvements to the transmission sleeve. These 
improvements relate both to the air direction provided by the transmission sleeve 
and to the design of the drill bit. The sealing requirement of the improved 
transmission sleeve is preferred in relation to air operated reverse circulation 
hammers. The transmission sleeve forms an effective seal with the hole being drilled 
where the passage of air in an upward direction past the transmission sleeve is 
restricted. It will be obvious to a person skilled in the art that some form of dearance 
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between the transmissiQn sleeve and the hole of the wall is required. However, the 
clearance will vary depending on ground conditions. It is normal practice to 
n:iamtain a dearance between the gauge diameter of the drill and the 
transmission sleeve between one to three millimetres. However, oflier clearances, 
either larger or smaller, may still be suitable. 

SUMMARY OF THE INVEIsmQN 

One aspect of this invention is an improved transmission sleeve for a reverse 
circulation down hole hamncier activated by fluid under pressure, said hammer 
including an outer hammer casing, drill bit retaining means, and a drill bit retained 
in said retaining means and extending forwardly therefrom, said transmission sleeve 
comprising: 

a transmission sleeve retaining means to retain said transmission sleeve to 
said hammer, 

a flange to direct exhaust fluid from said hammer extending from said 
transmission sleeve retaining means towards the cutting face of said drill bit so that 
the exhaust fluid is directed towards said cutting face, and 

a chamber that extends drcumferentially around said drill bit into which the 
exhaust fluid flows prior to discharge from the end of said flange. 

Preferably, the flange has an outer diameter stibstantially the same as the gauge 
diameter of the drill bit to form a seal with tiie hole being drilled in accordance with 
the above description of what comprises a seal. Preferably, flie camber is 
intermediate the ends of the flange. 

Preferably, tiie flange is located proximate at tiie end of the down hole hammer and 
is preferably spaced as dose as practically possible to the cutting face of the drill bit. 
A drill bit having a diort distance between tiie cutting face and tfie end of the flange 
comprises a further discrete inventive aspect. 
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Preferably, the flange comprises a generally qrlindrical tube machined or produced 
from a angle piece of material. However, the flange may comprise two or more 
dements such as would be tibe case if the transmission sleeve were assembled from 
an inner and outer component In addition, either the internal or external surface of 
the transmission sleeve may be coated with materials that improve the surface 
properties such as hard facing material or other surface treatments that improve the 
durability or workability of the transmission sleeve, 

The transmission sleeve retaining means may include a ntunber of means of securing 
the transmission sleeve to the hammer. The methods of securing the transmission 
sleeve to the hammer as set out in Australian Patent No. 638571 are included herein 
by reference. These indude the transmission sleeve being an extension of the drive 
sub or hammer casing in addition to the preferred arrangement comprising a body 
that allows securing of the transmission sleeve to the hammer. In general, any 
arrangement which enables the flange to be secured with respect to the hammer and 
that allows it to extend towards the drill bit cutting face would be considered within 
the meaning of 'Transmission Sleeve Retaining Means". 

The chamber preferably comprises a drcumferentially continuous void or plenum 
from which air flows as it is released from tihe transmission sleeve. The chamber may 
be formed in either the head of ttie drill bit, within the internal surface of tiie flange 
or a combination of both. 

In a preferred form, the chamber may comprise a manifold where operating fluid, 
which is directed to the chamber via a plurality of individual fluid channels, exits the 
chamber also from a plurality of chaimels. Hiese channels may be formed in either 
the drill bit in combination with a driH bit retaining mieans such as a drive sub 
including channels formed in one or tiie other only, and channeb formed in the 
portion covered by the transmission sleeve in the drill bit by itself, on the internal 
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surface of the transmission sleeve by itself or in coinbinations of channels in both the 
drill bit and internal surface of the transmission sleeve. 

The use of the chamber allows a smaller number of inlet channels to feed air into die 
chamber and for a greater number of channels to direct air from the end of tine flange 
Also, the chamber may act to ensure that exhaust fluid is more evenly distributed 
around the periphery of the flange. This would indude ensuring that exhaust fluid 
does not only or preferentially exhaust from one segment of the flange and would 
also indude the possibility of providing a substantially continuous curtain of air to 
exit from the end of the flange. 

Preferably, the numb^ of fluid d\annels entering the diamber equal tiie niunber of 
fluid channels exiting flie chamber. These channels are evenly spaced around the 
periphery of the drill Ht. Alternatively, the drill bit may have no diannels exiting flie 
chamber so that a continuous curtain fluid is directed arotmd the periphery of the 
drill bit head. 

Another aspect of the invention is a traiismission sleeve for a reverse circulation 
down hole hammer activated by fluid imder pressure, said hammer induding an 
outer hammer casing, a drill bit retaining means, and a drill bit retained in the 
retaining means that extends forwardly flierefrom, said transmission sleeve 
comprising: 

a transmission sleeve retaining means to retain said transmission sleeve to 
said hammer, 

a flange to direct exhaust air extending from said transmission sleeve 
retaining means towards the cutting i^ce of said drill bit, and 

at least five or more drcumferentially spaced dtannds that extend at least 
from the cutting face of the drill bit to the flange to thereby direct exhaust fluid from 
flie end of the flange towards the cutting face of the drill bit. 
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In known prior art hammers, it is accepted procedure to reduce the nturiber of 
channels on the shank so that a lesser number of chaimels extend across the outer 
portion of the drill bit head. For example, it is common for eight spline chaimels to 
reduce to four only from the end of the shank to the cutting face. Accordingly, 
another aspect of this invention is to provide a conduit having a continuous im- 
branching path where the spline conduit is aligned with conduits that continue to the 
cutting face or themselves continue to the cutting face. 

It has been f oimd that a more even distribution of air around the periphery of the 
drill bit has a significant improvement in the overall performance of the hammer. 
Preferably, the number of channels comprises eight but dearly more chaimels than 
are currency used in the indusfay will provide a significant improvement. 

Another aspect of the invention is a drill bit for use in a reverse diculation down hole 
hammer where the hammer is activated by fluid imder pressure, said hammer 
including an outer hammer casing and a drill bit retaining means for retaining said 
drill bit, where the invention is characterised by the drill bit having a concave 
peripheral groove formed in the drill bit at a position spaced from the cutting face of 
ihedrillbii 

In relation to a conventional drill bit which comprises a shank portion and a head 
portion, it has been found that a bit having a peripheral concave groove formed in 
the head of the piston significantly improves the overall performance of the hammer. 
The peripheral groove improves the mass distribution of the bit and efficiency of 
energy transfer through the bit. It also provides a convenient means of balancing the 
weight of the drill bit by comparison to the hammer piston. 

In addition, in respect of this aspect of the invention, the hammer may be used 
without a shroud where the diameter of the head of the drill bit is similar to the 
diameter of the hole being drilled. In this case, the longitudinal channels in the head 
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of flie drill bit together with the concave peripheral groove form a seal through the 
side walls of the head of the drill hit being in contact with the wall of the hole being 
drilled. Provided that an adequate seal is achieved on the hammer above the point at 
which the exhaust air is released, tiien the exhaust air will be directed towards tfie 
cutting face of the drill bit through the conduits formed by the longitudinal channds 
and the concave peripheral groove. The concave peripheral groove will allow the 
distribution of air to the cutting face to be more even around the circumference of the 
drill bit 

In order to fully understand each aspect of the invention, a preferred embodiment 
will now be described. However it should be realised that the invention is not 
confined or restricted to the combinations of dements comprising any one of die 
embodiments. Modifications and variations that would be apparent to a skilled 
addressee are deemed to be within the scope of the present aspects of the above- 
mentioned inventions. 

RRTCT nT7<y TRIPTlON OF TEiE DRAWINGS 

This embodiment is illustrated in tiie accompanying representations in which: 

Rg 1 shows a longitudinal cross-section view of a drill bit transmission sleeve and a 
drill bit retaining means; 

Figs 2 to 4 show cross-section views at three positions along the assembly shown in 
Fig 1; and 

Fig 5 shows a part cut-away perspective view of the assembly shown in Hg 1 . 



nFTAn.Fn descriftion 

The embodiment of Figs 1 to 5 show a drill bit 10 which comprises a shank 11 that 
has splines 12 along part of a length of the shank 11. The drill bit also includes a head 
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13 and a cutting face 14. Note that the cutting face 14 shown in Hg 1 does not include 
the tungsten carbide buttons which are normally spaced around the periphery of the 
cutting face 14 and across the remainder of the face in a spaced manner as shown in 
Hg5. 

The drill bit retaining means comprises a drive sub 17, which has internal splines 18 
that engage with the splines 12 on the shank of the drill bit As seen in section, A-A of 
Fig 2 the space between the adjacent splines 12 on the shank 11 is wider than the 
spline 18 that locates therebetween. The hammer assembly is rotated by the drill 
string and the drive sub is normally fixed with respect to the harmner . This causes 
the splines 18 of the drive sub 17 to position tiiemsdves as shown in Rg 2 to tiiereby 
form channels 19 through which exhaust air flows when it exhausts from the piston 
chamber of the hammer. 

The forward end of the drive sub 17 has an enlarged diameter portion which forms a 
shoulder 20. The end of the drive sub 21 abuts against a shoulder 22 formed between 
the shank 11 and head 13 of the drill bit 10. In normal operation of the hammer, the 
end of the drive sub 21 may be spaced slightly away from the shoulder 22 of tiie drill 
bit 10. 

The transmission sleeve 25 comprises a transmission sleeve retaining means which in 
this embodiment is a body 26 formed by an upper portion of the transmission sleeve 
having a smaller internal diameter thereby forming shoulder 27. The internal 
diameter of the body 26 matches the external diameter of the drive sub 17 so that the 
transmission sleeve 25 is located onto the drive sub 17 from its upper end and the 
Collider 27 of the transmission sleeve 25 abuts against the shoulder 20 of the drive 
sub 17. A flange 28 extends from the body 26 in this embodiment The flange extends 
past tiie end of the drive sub 21 although the invention may also comprise an 
extension of the end of the drive sub 21 so that the drive sub 21 is coterminous with 
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the end of the flange 28. In this example, the internal stir&ce of the drive sub acts to 
direct the air in the same way as the flange 28. 

A chamber 30 is locatedbetv^een the shoulder 22 and the cutting face 14 of the drill 
bit 10. In this embodiment, tiie chaniber 30 comprises an arcuate groove in cross- 
section forming a concave groove that extends aroimd the periphery of the drill bit 
head 13. 

In this embodiment, the channels 19 that are formed between the splines 12 extend 
along the shank 11 of the driUbit 10 past the end of the drive sub 21 and open up into 
the chamber 30. These chaimels 19 run out into the chamber 30. The flange 28 in this 
eihbodiment extmds so that it covers most of the chamber 30, however, the invention 
will also include the flange extending past the chamber 30 or terminating short of the 
lower edge of the chamber 30. In each case, the flange 28 may comprise a number of 
components, be coated internally and/or externally or the drive sub may be 
extended along the internal surface of flie flange 28 so that it termiimtes at the end of 
the flange 28. 

Fiuiher channels 31 extend from the chamber 30 to the cutting face 14. In this 
embodiment, the number of channels 31 equal and are aligned with channels 19. 

In operation of the embodiment shown in the drawings, and as can be most dearly 
seen in the second page of the drawings, exhaust air from the hammer is directed to 
the end of the drive sub 21 along the channels 19. These channels 19 open into a 
chamber 30 which are fully or partially covered by the flange 28. Channels 31 are 
formed in the head 13 of the drill bit 10 and provide a path for ^diaust air to the 
cutting face 14 when it exits the chamber 30 and flows past the end of tiie flange 28. 
The chamber 30 makes it possible for air pressure to be equalised around the 
periphery of the drill bit 10 and allows for some air to flow from the end of the flange 
28 between the channels 31 to provide a curtain of air flow from the flange 28. 
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It inay be possible that Ihe dim Wt head 13 could be foim 

M this case, it is more likdy to the ak would be more everdy di^^ 

peripheral curtain of air would exit from the end of the flange 28 . However, even 

with diannels 31, air is more likely to flow toward the cutting face 14 so that some air 

will flow over the drill bit head 13 between the channels 31 . 

In this embodiment, the outer diameter of the transmission sleeve 25 is of the order 
of 3mm (radius) smaller than the radius of the gauge row of carbide buttons of tiie 
drill bit 10. fii a great range of operating circumstances, this is sufficient to form a 
seal between the transmission sleeve 25 and the hole of tiie wall being drilled to 
prevent significant blow back of air past the transmission sleeve 25. In certain 
circumstances, a peripheral gap as small as 1mm can be used althou^ it could vary 
to be smaller than 1 mm or greater than 3mm, depending on the drilling conditions. 

As with the earlier Australian Patent No. 638571, the transmission sleeve is 
preferably sacrificial so that it wears sympathetically with tiie wear of die drill bit. In 
normal circumstances, the gauge diameter of the drill bit 10 will reduce slightiy as 
the hammer is being operated. The transmission sleeve has the ability to wear in 
sympathy with the drill bit in order to maintain an effective seal with tiie wall of the 
hole being drilled. 

The exhaust air from the hammer is able to flow from the end of the flange 28 across 
the cutting face 14 and the air and cuttings are delivered tihrough the hammer via 
conduits 32 and 33. 

This embodiment uses eight radially spaced channels 19 and 31. Until now, it has 
been common in tiie industry to use a lesser number of drounferentially spaced 
channels 31. It has been found that increasing the number of channels 31 significantly 
improves the performance of the hammer. This results from more even distribution 
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of air around the periphery of the drill bit head 13. AcGordingly/ another aspect of the 
invention is the drill bit shown in the accon^anying drawing without the chamber 
30 but with five or more radially spaced channels 19 and 31. Preferably, at least eight 
channels 19, 31 are used. 

Further, it has been found that a drill bit with a concave circumferential groove 
provides a significant improvement in energy transfer to the cutting face 14. 
Accordingly, another a^ect of the invention would be the drill bit shown in the 
accompanying drawings but with or without the transmission sleeve 25. Relieving 
the head of the drill bit 13 with a concave peripheral groove improves the mass 
distribution witiiin the drill as described above to thereby improve the performance 
of the hammer. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A transmission sleeve for a reverse cdrculation down hole hammer activated 
by fluid under pressure, said hammer including an outer hammer casing, drill bit 
retaining means, and a drill bit retained in said retaining means and extending 
fbrwardly therefrom, said transmission sleeve comprising: 

a transmission sleeve retaining means to retain said transmission sleeve to 
said hammer, 

a flange to direct exhaust fluid from said hammer extending from said 
transmission sleeve retaining means towards tiie cutting iEace of said drill hit so tiiat 
the exhaust fltiid is directed towards said cutting face, and 

a chamber that extends drcumferentially around said drill bit into which the 
exhaust fluid flows prior to discharge from the end of said flange. 

2. A transmission sleeve according to daim 1 wherein said chamber is formed in 
the head of said drill bit 

3. A transmission sleeve according to daim 2 wherein the said dianiber is a 
concave groove fliat extends around tiie head of said drill bit. 

4. A transmission sleeve according to daim 1 wherein said chamber is formed on 
the inside surface of said flange. 

5. A transmission sleeve according to daim 1 wherein sedd chamber is formed in 
the head of said drill bit and on tiie inside surface of said flange. 

6. A transmission sleeve according to any one of daims 2 to 5 wherein said 
chamber is intermediate the ends of said flange. 

7. A transmission sleeve according to any one of claims 1 to 6 wherein the lower 
end of said flange is spaced as dose as possible to the cutting face of said drill bit. 
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8. A transmission sleeve according to any one of Hie preceding daims wherein 
said transmission sleeve comprises inner and outer components that fit together to 
form said transmission sleeve. 

9. A transmission sleeve according to daim 1 wherein said transmission sleeve is 
an extension of said drive-sub. 

10. A transmission sleeve according to daim 1 wherein said transmission sleeve is 
an extension of said outer hammer casing. 

11. A transmission sleeve according to any one of the preceding daims wherein 
air flows into said chamber from a plurality of channds formed between the shank of 
said drill bit and said drill bit retaining means, and exits said chaniber through a 
plurality of channels and Ihe regions between adjacent said channels. 

12. A transmission sleeve according to daim 11 wherein said diannds exiting said 
chamber are formed in said drill bit. 

13. A transmission sleeve according to daim 12 wherein said channels exiting said 
chamber are formed on the inner surface of said flange. 

14. A transmission sleeve according to daim 12 wherein said channels exiting said 
chamber are formed both in said drill bit and on the inside surface of said flange. 

15. A transmission sleeve according to any one of daims 11 to 14 wherein the 
number of channeb entering said chamber equals the number of diannels exiting 
said chamber. 
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16. A transnussion sleeve according to any one of daims 11 to 15 wherein tiie 
number of channels exiting said chamber is at least five or more. 

17. A transmission sleeve according to any one of daims 11 to 16 wherein each 
one of said diannels entering said diamber aligns with a diannd exiting said 
chamber. 

18. A transmission sleeve substantially as hereinbefore described with reference 
to the accon^anying drawings. 
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